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(54) DIAMOND THIN-HLM BIOSENSOR 

(57)Abstract 

PURPOSE: To increase sensitivity, extend life, and achieve high-speed 
response and reutilization possibility by constituting one portion or 
entire portion of a transducer with semiconductor diamond film or 
undoped diamond film and fixing an organism-related identification 
substance to one portion or entire portion of the surface. 
CONSTITUTION: An undoped diamond film 31 is formed as a ground 
film on a substrate 30 and an operation electrode 34. a counter 
electrode 33, and a reference electrode 32 are formed on the film 31 . 
The electrode 34 is covered with an organism-related identification 
substance 35 and further the identification substance 35 is covered 
with an organism film 36. The electrode 34, the electrode 35. and the 
electrode 32 are surrounded by a semiconductor diamond heater 37. 
The heater 37 is covered with an undoped diamond film 38, thus fully 
utilizing such features as the organism-conforming property and 
inactivity and harmlessness for a chemical reagent which a diamond 
has. 
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C2) 

1 

[mm 1 ] h V ^^©-sP3^.»^^s*» 
Hje ? tiT !,» s c <fc i-r s i'-r -f * > F»i!P< -f 

[ifjjS^ 2 ] -£-0D^2lilK<D-Si5XW^*5T > F - 
:fif^-^^> F«IX»*«*4^-r+-t> FIBItcJ: O*!!^ 

>FSBi>'^'f3^^2>■^^. lo 

F»«>'<-f*-fe>1f. 20 

-C* -c- 1: . ^<Db'7>i>y^ f SiJ©-^X«±S|J56i^«: 
FRKJ:»)«(iRSn. -e-CD-y- F8IJSCX/X 

i*»«<!:r'5l1l3^1tclBt8©i^'f1'*> FaEK/f-f 

FK(c<fc»)«^$nri,»-5ci%!^i-r*«*3g 

y FKK: J: "3 nr S C i 

«ftj;S*'-rir*> F««:j:0=»fiS$nr(,^Sc 

■r Sit^ 1 (CEK© ir-f > FWBP^ ^ *-fe>1f. 

[ 9 ] ^(Dmwfir > F - zrxit^mt^o) 40 

i'*> FMX»Sl^tt©i^ FBI«:j;f)«lE£3n 
ri* .5 C i *#«<fc-r 51»*3B 1 KKttO F 

[sf^ 1 0 } m^t^9emwsmm<osi^(,c^ 

t9iBr>F-:?'i''-fi'*>F«lXW5|^3K*^-f-<'* 

±©fi»«-c{t^<5iF 3 n-ci i s c i ^ritst i r 

^17!rM9©lim*i:S«:E|g©:S^-^-V'*>F?iEfl|/>* 50 
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«k-r5i»^:51 0«:Stg©tS<''^-^'*>FIIJ«>'-«-f:^-b> 
•9". 

SSf*>?>aj?Snfc 1 X«2J£t±©ilJftS«:$t?C i * 
WSLLti>nilOfil lR:SB«©4''>f1'*>FjiW>'-<'f:*- 

CilWaB 1 3 ] 8?IB«UBttflHP*i'^+-9-^ ^u>':^T 
5 5=- u>2^r s >©siii»-r* s c i 

mkttin^mi ixai 2(c^®3Ci'ir-=e>F» 

x«cn6.©si3i<*-c**ci*#ai[i-r5fii*3Si i 
mfri>mm i t^s 1 4 ©t,»fn* 1 micsmcoie^ 

1 6 ] mur> Y~':f¥'{ FfilX»* 
3Wt^^-f+*>F)««. 5«ci»3'-fi'*>FX»AX^l!R 
©4^-1' F*fia*S«<!: br^©±K:^ti-^^(C J: 
>3JgJ5S3*ift:fe©-C**Ci=&#»i-rSill^ 1 tciB 
J8©ar-<-\'^r> F»lK^<-r*-fe>-!>-. 
\nim. 1 7 ] Btrsr > Y-V^A FBIX»^ 
a»^^-f1'*> FffllW-JiX»^Hl«:SUlSnrv>SC 
<t*1t«t^S3!l*]B 1 tcKtt©d*'-/-t'*> FWtt-'t-^ 

[f«^ 1 8 ] B!feT> \^~-:f'3iA FKXtt* 
gK*^^-f-\'*>Fil». ^*6S)ii. WiB[»IfllX«'^-f-D 

i8©5<'-^i'*> Fffl«>'W:i-fe>1^. 
[31*1 1 9 3 mSL^'{-\"(:> FW*. -e©^®©— 
«X«±aJ3W (111) ilgSffiXfJ (100) ittSM*> 
S nr .5 C i -r .SiH*^ 1 TiS 1 8 © 

[0 00 1 ] 
[0002] 

[fie*©8^?i5Raf»i^-r-<#rajs.^j ^-Yi'*>F«K 

mttifiitti. J^lyY^i'y^ifiA^i,^ (5. 5eV) C 

<t*«#Str*s. c©fc». r>F-r»'d?-f+*>Fj* 
{3:«^K:i^trc*S*5. ^n> (B) 
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[0 00 3] c(3:><fc^^ttM^fJ^br. mmw^^^ 
Y'ylyVT. a?^©m-?-7^^>' cDK^J^^ii^?) 6 tit: ^ 

[0 004] c(Z)J:^^ci:mMfi9^mcm. ^j^-ri'-^t^ 

[0 0 0 5] ^^^^lyYifiCCO^'yKmifdSi^WJi 
[ 0 0 0 6 ] 1#^cr)^b^iK?a • ^ft«ja<i: 

(OTcta^mcc r^5^aMj tm^^^^) ^^m^m 

[0 00 7] >'^V:t•fe>1;^<D^t3'rJAffi^c^^'^6t^t:liS 

^ h > cc^^ b-r ^ <b ^ (cvg® 5 n ^®t^co«fi>MX 

[0 008] -^m^m^kt^^ i-^> K:«>^^ft®^^C 
«n. L)!pfe*9S»^bRClWfflflIlX*5pIfiBT*6C<!:K: 

tt€r *>/cHt C cb r # ^ o 
[0 00 9] Vt'^htSif^'^h. y'Y-\'^>F<^*(*5S^tt 

[0010] mfL\t. SlM rCDX.Zhang et a1 , Procee 
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dings of the 2nd International Conference on the A 
pplications of Diamond Films and Related Material 
s, edited by M. Yashikawa et .al (Mvll, Tokyo 1993), 
p. 65: (2)X. Zhanq et al , Materials Letters, Vol.1 
8, pp. 318-313(1944) ; (3)3.2hu et a1 , Biosensors &Bi 
©electronics. Vol.9, pp. 295-300(1994) J <«T. C 

10 [00 11] fi^^C^itcfct^^-cti. ^A^"^ 

> F»mi3:^<3[)±ccsatt<fc < -s/cit 

+^tcf^^'C#Sc ^/c. fi£*e^jrjir«t$f^ir'=e>F 

[0 0 12] ^>fi-^>F^^b^^<i:Ur^l^^M^ 
JiSlfiR r(i)K.Patel etal,^^3^a. 3^:*!^^:'* 

1$:^ (1 9 9 1^9>g2O0. 2 1 H) pp. 105-108; 
20 (2)K.Patel et al, 3 .Photohem.Photobil .AiChafn. , Vo 
1. 65,pp. 419-429(1992) ; (3)R.Tenne et al .J.Electro 
anal .Oiem. Vol. 347, pp. 409-415(1993) ;(4)S,Yanq et a 
1, Advances in New Diamond Science and Technology, 
edited by Y.SaitD et al (MiTU .Tokyo 1994), pp. 741-74 

4] («T. cn^fie*g^2it^^) cc^$nr:teD. 

[0 0 13] ^^^m2(tC^i.>X\it. ^-^^"t 

[0014] !NfP8BS6 1 -33 645 («T. Cti^rSE 
5mJB3iii^) oc*5i^r«. 02 2Cc^-rJ:^cc. 
^i-^>FIK5l«^-rir^>Ft^#fe^mK^M^. 

SMV^yty:^^ (Ion Sensitive Field Effect Trans 
istor. cn^I SFETtm^r^) (D^-h 

€>y-';^4SO'FU'Y>5 3&^0^$nr*5O. cc(>S« 
±^at. m 1 cDifeg^a 1 ^(d±(d^a^^^> mx 

[0 0 15] bJJ^^O. D°DmcDat.^^-Yi-^>F^M^:3 

-7^ vy-r^^is^Kit*. »«as*ft8 o o -ctc-r^ 

50 [0016] />--f**:>1f<D©^#{bcai. iNS»5iiLai 



C4) 

s 

Wfi^m-$tlXK>^. m%. wrasse 0-29657 
#118360-3 9 547-^. #51896 0-7 9 2 5 

%mw^m'^i>x \ sFET©-{*>jsasffi«c^^L'. 
56«^ks-j*-5:^**M^snt:t,»*. #MBge o 
-247 1 5 1 #{c*jii-c«, mmmK.mfmti&Zy 
I s F ET©^- hfiuaffitc^L.. mmm. lo 

2 2 9 3 5 8-^T«, ±Sim&<D^. WK^O^M^W- 
863l583(f4 irs. 

[0017] CTiPl.. ±^©J: ') tj:&m^miW(om'& 

imvi^^^xnt. mmi^mmmtm-^ri><Dx^ 

xm<. > if j{p 6 ©«5ift^©gss*i^5£-r s 
[0018] — mmw<omm^m±tz>mrit o 

■C. «T©^**H!^3n-Ct,>-2,. BP^. #MBS6 0- 
17 3 4 5 9-Ctt. mmm^m(6l>1c^. SHFlflrctS 30 
Wri>Ctimm^inXi.^i„ tfc. #SBg6 1-8 8 
13 5. #gailS6 1 -23434 9-CWIS«SIc.CC J; *) 

mfmmii^i^im^s^x^m^m<::mim^ 

[0 0 19] ^W=i|-fe>1>-©«SiO-C». «T 

©4>©*i<2r^$>€). 

(1) 02 Stc^-rJ:^^:. *ffiSS7±«:a(l5el3©('P 
^«S92tU^|£l«S8©2«S«s0^$tir4sD. M 
fC#I8«Sl 0«r«^-Cl,i«>. fpffl«ffi9©± 40 

«:». ^^BaayBisdi^K 1 1*13— r-^v^/sn. 

SPK. IftlitBitl 2*i«SSn-Cl>.5 (#53896 0-1 

7 345 9 :«T. cn^y'f:^- KMil^^) . 

(2) 02 4«:^f Jc-JtC. FffiT?«S*sv-r 

i^nTu-<r*2)df'f:/ (fiiefesa54. mt*#HBg8 

0-247 15 1 :«T. cn*-v-f i^nr U-<Mit^ 

4ffimm$tixisr>. c©->y3>»'ftjii4©±tc. 
3R-?^^istffl©j^ y =1 >mm 1 5 ^isffWKj^fiSs n-c 
-ei/r, c©i'y=i>il{tJRi 5«:H«ti/c«« 50 
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{c. i/aay^^jHfc^yx^^u^Bii 6«^^ffl^c^ft^■cf1P 

any?-;Wt!J<y:^5='U>fl|o±tc. WR193&SH3£S 

(3) H2 5{CS^-r.fc^«:. I SFET©^>^-^»fi[^C 
SaSi|!©»*H^t^. -f*>XWpH©^{tK:iSS3-&S 
^-f7'*s*2. (#MT5-2 8 1 1 8 1 : «T. cn«: 
h^>2;';^^fSitO) . IP^. ■!?-7T>fT»S2 0© 

KffiK. #JK2 i*sjges$n. •!?-7T'rrSfi2o©a 

MK. npn11l3fi©FET2 6*lSW6tiri,»S. 

ctie©FET2 6*fflgir.*j:5fci,r. ffiWbi^ 
y3>Bi2 2. ^{fc->y3>j92 3*5j^^snT*iO. 
•e©±K:. r;U:?'5>2 4SLc;4';u=i-;^:<-+i'i''— If 
2 5*lH3e3nTt>4. 

(4) S2 6«1f-5;^^liIS2 7©±k:, 

S!|!gl«2 8*tH;£3tlT:t»«>t)©-C*.5. C©H2 6K: 
^•rfc©«. H3£{kl^fcitt8!PBHr*«Sl£:-r-Si*©SJS 

1 -2 1 2 7 5 0 : felT, Ctl*"!?-- S 
^) . 

(5) ia2 7{C^-rJ:^(C, #13^5-2 568 
12«:«. S2 3t^m>^'{*~fm<0^^'{*-^>V- 

SS7©±(c. ^«S8. f¥^ssgsc;c#iss«ii 
0 ^mm L . ffmnm 9 «:^ft:Ri»8iJ3 1 1 

L/, cne>©aHK:. Jg4CjaSW8i5fflb-4?2 9«:«l* 
[0020] L*»L.>i*56. H2 3~02 7{CS^3n 

5 © I S F E T-Ctt-y- h SPOiteiRMjJSS'fb-^ y =J > 
(■fe^S-^i'X) Jiffiil^D<aiSIJ«5«©@S 

[002 1 ] ctnc$^uif^-^^>Piim]im'mtmc 
<stm'S:m^^tvxi,^ifcebt,c, mmwtaym^ 

ifC^fcO. SISim»i©««Jtt*l^±-C*SfcJb, *0 
Be*iifS-C* -5 <t i,> 5 #a*s* -S. 
[0 02 2] ^^^i'*^ K©a«B^fiia*«fc Lr«. -7>r 

i'amt^fmmm (cvd) a (m^«#^bs5 9 - 

27 7 54. #5iBS6 1 -3320) . ffiJSjgT'^X-v' 

mf^>tix(.^i>, 

[0023] C4l6©7^TJ^y3>itei*©^^y'<^'^ 
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[0 0 2 4] ^^-^^yvmomm^ (i 1 1) ^^ffi 
x» ( 1 0 0) m^mo^ipf^mm-^ctfit. 

[0 02 5] J'^Ji^^^^'^'e^ K±tc^>ri='^> FM^ 
^gSLT^m^^t. yxVl/^d^-^ir^^ K€:Jf*5eo^SM^ 

[0026] ^^('^'t^ F-^JSI^^StfiO^^^*^ 

jftiUT^^';/^ (B) ^mU{rr^tmm^(D^(.^i>m(D 
[0027] :^m^\tf)^'^^mm}^.ffcm^xtji$tifth 

[0028] 

gp;&i^#^>f i-^> F)^iJT> F--?^^>fi''=e> F 
[0029] 

\jx\.^^<dx. whx-mm^ • • sisicstt'c^ 

[0030] ^^V3^••fe>1^<7:)^^>>^^^-*^^^^ 
t*±sp*^-<i''t>Fje^sff'r^ci^j:^. ts^^i' 

^> F(D4>-:>4ftS^14*^^cffJffl'r^C<h^"C# 
[003 1 ] rj:^. -M. #tt*^^{LL./t^'<i--=e> F 

mm^^-<^'^>'^x$>'z>xii. ^cDif*fflJiiKso^sx 
mx^^o 

[0 0 3 2] :$:%?5K:*Jl^Tti, ^f^^-^^-t^ FSi 
X«T> F-:/3^-fi'^> FlS^ffiC^'Ch'7>;^7'^'- 

[003 3] ^/c. ^^f-^^yi^ommmmdc^K^Si^ 
m^^m^^^x^mmx^^cox. ^a^^> f • -fe 

[ 0 0 3 4 ] S ^OC-'^V :t'fe>1t 

'^r^t-l'm. h^>t>;^^S. X 
\m^'^>'^^nf&-r^cti)^x^. cnecDsa© 

[0 03 5] h'^>:^f^-'V'&^ytmstr^c 
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ti,cJ:^mBL^m:^^^ctffiXt^. 
[0 0 3 6] 

mm^^m-r^o FisM^ffl^^fc^-^ 
sjmfi^A^'^^ FojsfcffljjnxajBx^iijR^s^ 

10 IS. :i3S5T.Inoue et al.,3.App1 Phys..Vol .67,No.l2,p 
p. 7329-7336a990)«:7j^$ tirii 

[003 7] F^>xf':x-it^*n?Si-r^t-^. 
A^^^i^m^mi^^xfmx^^, ca)h^>;^f'^--' 

[0 03 8] igiHc^'r<fc5tc. ss3o©±«:. 

|gtLt:T>F-:/^-r+*>FIS3 l)&5JBfi£Snt:*J 
9. C©r>F-:7'3^-<i-^>F)K3 IcDiCC, f^^m 
20 ffi3 4. >!*rR]mS3 3Z5:0'#RISffi3 2:;&^JK^3nT*5 
fTF«me3 4(i*{ttliaffiS(l«5H3 5CcJ:.»)tS«$ 
nr*jD. M^C(D^ftRiaaJ3(l«!H3 5«*i*K3 6 

[003 9] cn60ftfl3«fiS3 4. *h^SS3 3SC;^ 
#M^3 2«, ^^ft^-^-i-*>Ft-^3 7K:<fci3 
BlOH*tir*J»3. C<Dt-^3 7«T>F-:/3^'>fi=' 
^>FK3 8K:J:0tSa3tirciSo 

[ 0 0 4 0 ] M 1 r«Ti6^^^JaSttOT> F-"/^ 

Fii3 1 1 Lfci)K rm(orj:{,>mM^r^ct 

So 

[0 04 1 ] m®. T«&K&0^t-d7K:4^^<*^-Yi='^ 
>FM^flHr^StS"&. -€-01f-^XK:!RF«(©*iJIS»J^:c< . 
F- 1'> ^iga^ct C i i)^X^ ^t^. 

FTtiSMS ICDJf^W 1-^50 urn. ^3 2^-34© 
iSS«0. 1'^5/xin, ^^^2-^3 ACOT ^^tSi 
^^CDfi$Safili«2 0 1 mm. b-:$f3 7(0/it 

$«0. l-'5 0Mm. m^ffi^©ft:e?)<or>F-:/^ 
40 -fl^^^FSS 8C0/iE3W0. S--! 0 Mm©t5H3&«^ 

[0042] 027bS05»5^^ v-Zi'nTU-fM-feV 

J:^tc. S«4 0O±«:. Tfifej^iUrr^F-:?-^^ 
i'^>FK4 l*^?g^3nx*5»P. CCDTia^4 1©± 
CC. 1^fflcr)*fl6jmffi4 3i{1^fflm@4 4<!:3&s, Htcr 

>F-:7-^>r-V'^> FJ^4 7%^l$^"es^?u^nr^.iS. 

^/c. :©51-MO[:)*riaimS4 3®}^fflJ0c4>r>F-:7-3^^ 

-i**>FJS4 7 35r5sa:W6nrii'5o -eur. corvF 

50 -:/^-<i'^>FlS4 7(D±CC. 3&(*Ma^SyiaH4 5 
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tmm^ tixisK>. c (o^immmmw 4 5 {t^wm 

> FJK4 1 CDiCCli. #M«ffi4 255>«Ji^^$nri^-5« 
[0 04 3] C<Dia2<DJ:^^. fPfflfl8S4 4i»|fi3« 
ffi4 3<DW^T>F-:/3^-/-^^>Ftt4 7<bly. cn 

-i^i^-=e> FJR4 i^mi*>fcm^(^iit. mst^Tjkrj:'^ 

f?ffl«a4 4i?a'InI««4 3i<DiacDr>F-:?'d^ 

H^-^^^ FJS4 7«d5:^-rLfeiiJ>sr«^c< . ^s-sgr* 

-Bo CCDiS-^^. m©T>F-:7'^^i-^>FBl4 1 

(ommifC. mm. M«j»»4 5*S5E-rti«j:cn 

[0044] a^fc. 3<^>r:t-F^<traDJ:^&cffffl« 

•^^> Fii4 4 <DaMtcawii!»»4 5 *H5er * c i «> 

[0 0 4 5 ] v-^ ^DTU'-<S-fe>1f«:o(,iTfe. 5^>f 
:t-Fa'fe>1^i|5ID<. T»Ra^^a?1^-Y^«: 

f)^X^^. r^^^:/3&^-fi-^>FjBISS<0iB«l'- 
2 0 Mm. S$W2 0 um--l mm<DifiH*5*fca3fb 

[0 04 6] h^>X7^^-1f3^F^>i^Xi$rSCD« 

-e(7>h^>5;^;^^a5*^ft^-fi'^>Fia[«:Sc^ 

>i^X:$f3t?5ME SF ET (Metal -Semi conducor FET) © 

[0 04 7 ] OCDi^c, T>F--:7*^^i='^>F 

F-:7'dr-^'t'^>F«5 2<D±K:, ^l^aMta<^-rir*> F 
M5 3:^?g^5nrc>^, C(D^^fta^-<i'^>FlS5 
3(D^M«:tt. 2ilcDp*d^Yir^> FJS5 43{^5&^S 

nr^teJ?. cn6©p*:$^^i'*>Fii5 4<D±(c». 

V-X«ffi5 5 aSO^ FU>r>«S5 5 b*5J^^Snr 
1^-5. p^a^-ri-^>FjB5 4 («T. Ctl^rp^lBiK 

( 1 O^'^-l 0"/cmM CCF-f>^LA:fe©r* 

[0048] ^L/T. V-;^«S5 5 aSCKFU-^^* 

^. V-::^«S5 5aSLafFU-Y>«ffi5 5bCDiirF© 
p*jg54tC<fcD. Sffi5 5 a. 5 5 b i^^tf^-Tir 

^> FB 5 3 toKomism^imxit^, 
[0 049] ^imsm^^b 7«v-x • Fu>r> 
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^, 

[oo5 0]i:c4b\ y-h^5 liicmmT^'^mty 
-;^«ffi5 5atc*fLriErfc:&'C4>Ac^3&^ mfltBE^ 

[005 1 ] *^?««6©W?£«:cfc^i. ^«5 0;55 
#^3^W^i-^>F<Dii^. TVF-r^tJ^'-fir^^ FTit» 
5 2<Dm$«l'-2 0 mn. p *jl5 4CDi|t$iS 1 0 0 
A-1 Mm, ^N|C»y-<-^*>FJB5 3C0W$»10 0 
A-'2um. V->^ • FU-0«ffiraffi)i (J^T. cn 
10 ^iJr'-hSiBS^iv-r'S) «0. 5-5 0 //m©ftffl:^« 
*>a[*Lt^. y-:^. Fu-Y>«ffio»Ml («T. cn 

3&5. 2am)!P6 lmni3&5**>a*L/l^ Sfi50:(^-r-^ 
r^>ri'*>FjBt<D«l-&«:tt. ^CD/1$»2 O-'SO 0 

[005 2] H7fc3:F^>^:^^3&«M i SFET (Meta 
l-intrinsic Semiconductor-Semiconductor FET) <0i9 

Cir> F-:/^w^i"=t> FBi5 9 ^^^Jisnrc^-s. 

20 (eiT, CCDT>F-'7'a*^-<1'*>FM5 9*y-Me 

-C^-So y-htt»K5 9CDJ|[$«10 0A-'l Mm:<?5 

[005 3] 0 8{i F'^^-Z^J^^irj&^P i p - F E TOit 
^r&^o C©3?^7-tt. ^ft^$<^>f'i'^>FJa5 3^ 
^hUl^. I^ft. FU-f>««5 5bffl|<Dp*J15 4« 

M^tmmx^^i^. T>F-:/^-Yi*'^:>FM5 2<D;S 
S^l — l 0 ^im. ^-hSttO. 5— 1 um3&5«fcSI 

30 

[0 0 5 4] 09«h^>t;^X^3&^d- F-'^'FET© 

*J15 4505]S«StCB F-b->^$n/cisi^^»^>r 
i^^>Fe6 0Tfe«nri>^„ saj^o^^at^Lc^ 

:g$«P i p -FET<Dt§'&<h|H)«r«>'5:^^^. ffl^** 
W^^^'tly FJ16 0<D^P3W5 0-5 0 0 A^^^feS 

[005 5] He-g^fet^rti. aisij«5H5 7tty- 

FapJcHS$tiTl>€>. MK«««5 7*FET 

[005 6] h'7>;^5=c^— «f*5i?'-5;^a'M<D»^. 

filSCi3Ci5T»5. HI 0. HI l«a^>ri'^>FJBI^ 
50 [005 7] Wi^. HI OiC^-Tir^CC, SS6 1CD± 
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H 

[0058] #^#^>f i'^^ Fli6 3<DJ(tgPK:«. 

[ 0 0 6 0 ] H 1 1 xkt^mmt^wi'^mo^- 5 

[006 1 ] 1 J^^^^^'f-t'^V FtDi#^. r> F 

-y'^^^^^y\^T^Q 2(Dm$(ttl-^2 0 urn. p 
^I16 40J¥$«1 0 OA-1 Mm. ^zSEtt:^>f ir-t^ 
Fjl6 3(Di^$«0. 5— 1 0 MmCD®H*>SfcM* L/ 

pJ^r^-So *^i*3^-<i'^> Flg6 3*5. B*F-:/ 
U/cpSCDti^. F-t">i^iSa[}3:i 0*'~1 0"M^ 

[0 06 2] h^>X7^^-1f:?&^J^-;l'?amMX«ffi» 30 

[ 0 0 6 3 ] a 1 2 K:«J^-;l/55ft:^CD-fe>1f<DBTffiia 

fi7 1C[)±K:». T>F-:/^-<+^>FJa7 2:^?B0E 
r>F-:7-yH^-\-^>FB7 2 0±tC». 

^^^^> FS7 3 3&ijl^^snrc^€>o ^ur. c(d¥ 

^^^-Y-^^V FJi7 3<DJ»SB<paffi«:K. p^^^^V 40 
^> FI17 4 3&50^3nr*5«9. C(Dp*^-ri-"e>F 
B7 4<5[)_btC«mffi7 53&5jgjaSnri^^o sm®7 5 

«@^a^iS7 6{c<:k53tts$tir*5f3. @sracc«r 

M3l^fliB3S7 8*i@SSnrCi^>o CCDSISIJ«5S7 8 
?&^«^Jli7 9(Ccl:01ftSSnrc>^o 

[0064] mm 1 ^i^^^'^i^'^^ F<^)Ji'^. T> F 
-7*d^^i'^>FTJft®7 2C3[:>;i^«l-2 0Mm. p 
^Ji7 4(D/lS«l 0 0A--1 Mm. ^m»^'{^'^> 

Fja7 3fl[>®S»0. 5'-'5 0 Mm. affilfflffia»l-- 50 
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50 0MmCDffiH*ia*>aiSUC^c iJ£^»^-ri-^>F 
^7 3^B^F-:7'LTftpS0D«^. F-f>^rfiS« 
I 0^*--l 0*'M^/cm^:^S*>M^UC^ 
[0 06 5] ^^r-^^VFJ^OC^^i-yr iE?L) 

7= ^ - if t r 5 c i r ^ -5 o 

[0066] 0J^«. ^«(D{b^® • 

-fi-=t>FS3t^^rt^^m'c#€>o ^fc. ^mo^'^t 

^-So $^^c^-fi-^>F^gP^SiR±^cffl;^3A^. 
^-CJ&d^-f i'*> FlK"C'=e>' V --^ i'CcffSi-r^ c i 

5. mi eic^-To 

[ 0 0 6 7 ] H 1 5 JC^-r*fe>1^«:*Jl^f S«8 1 
©±(C. r>F-:/^>f-^^>FTtaM8 2;&5ji5^$n 
T^JJ. C(DTiaM8 2©±CC. 1g!K<l©mim«S8 3 

RDfm2mffi8 43&«jisraPB'&*5i^'T:ffissn'ci>^. 

:&m^«ii*Ka^siJ«9S8 5«:<fco^«^nr:fo 

-So 

[0 0 6 8] ^1 6^*5i^r«. r> F-r^*^-<i-*> 
FS8 2<D±^. ^#ft^^i-^>FJ18 77&^JI5^$n 

[00691015. 16 iS^iJ®JM8 5 i 

^(^igj®. {b^!aH<tCDRjSr^D^^«:5^-Y-\'^> 
F«S8 2X«^*»^^'t'^>F)S8 7r®»Il/. cn 
6<D3^>f-l-^>F]^*^C^^Te=^^'f »;r (m^-. iE 
a) ^«g8 3RO'8 4raiJ^-r-5Ci«:j;0. 

[007 0] SS8 1 i5^>i^i-^> vom^. r> F 

-:/3^>fi='^> FTfi&HS 2cDJlSt^l--5 OMm. * 
2gft^-f i='^> FI18 7 0;i$«O. 5~50Mm. ^ 
Slffl!^«l'-5 0 MmCDffia*5S*>M^Ul>. 
^^f^'-^tV Fli8 7 3&SB^ F-:/L//cpS(DiS^. F- 
t'^i^jgmil 0*^-1 0*'Jl^cm'3&5:i:^M^b 

[007 1 ] cn6^^iSW©^-^i'^>F>'^V:t-fe 
j*^cJ:oy>f^'=e>F*(D^t'»;TtSfi?&^»flni/. <t-^ 

[0 0 7 2] */c. mm<oct<. r>F-:?^oaiitt 

-2>. CCDH-^. r> F-:7*^-<-^^> FMCC)S;g$i*/c 
iN?»5^>f1'^>FKO#3^. *^-<1'*>F»S«:^ 
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tt2 0~5 0 0 umifimau^^. 

[0074] ^-^ i'*> \'mm<oit^mt vxvt. 

(-H) . K{t ( = 0, -0=0-> -OH-O 
H-^) . J^uy^it (-C 1^) 
(-OH) . i/T^S (-CN) , rS-zS (-N 

H,) . tiJi^-^^^-^m (-COOH) . msm (-S 
o,) . j^hciis (-NO,) ■c*^s{f:-r.&*>. x«cti 

[0 07 5] if)V=i-7t>^^iy^—i^<0<t:'>rj:MizfJ:Sk 
Kit), ^r-r F^ffi t«l»iI««©a[««»*iRi:f 

[0 07 6] ai«»fti h7>;^7'*— !?-a5<t®iaiKy 
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[0077] (10. jlSCD^affiia-:,r. ^BJtii^t 

[0 07 8] ^c-f-t-t^FawaffcTHiaKfgsnKK 
[0079] ai5t5m«c»iisg(i«jK«r5feffis -a-s § * 

[008 0] *f*)BI(DI9ifil5ria 1 7 tcS^-T. »m8t«S-C 

[008 1 ] ai8««flt<!:'C-ti**ia-C*.5^b^«RO= 

[0 0 8 2] 
[^1] 
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[0 08 5] <tC5r, am<D3^-f:t-FMCD/W:^"'i2 
>1f©®8ifflCD«<aM«± 5 V«F*9. ^< «± 1 veZF«g 
{CSS^^nri^^. ->';n>^^{*€:ffil^/cl SFET 
-Ci^M^. ±5 VJa±0«)E*En»D"r^iFET3&iK« 

0. d^>f 3h-FM*c^ h^>i?;^^^rfc. ±5vy± 30 

1'^>F^^-Y:f-fe>i^<DlK»«BE««;^± 5 OV. 
U<tt±5-'±20V-r*5. 

[0 08 7] ittc. mMr^mmx^^^twt. 10 



[008 8] ±IBCO^$^-^i-^>F«<!:Ur». 
AX^SEO/'^/P^ • tS^-r-^^VFtSft^SSiUr. ^ 

[0 0 8 9 ] ^-i^^iy m<Dm^m^^ 0 . ^fc^jstc; 

m(Dmm<D-^xu^i)^ din jSh^mx^^ ( 1 

0 0) isaffi35p6««3nri^^it^^. 

[009 0 ] yctC. *|%?80^WltC»^>'^-^:i-fe>t^ 

(1 A) F*Tf^ 

1 cIn^|CDS^^:i^yr3>afi^a^'^i-^>FI&^-C^^*:7 

MISO. I-'E^^tKS^U/c^^O (^S^Sl 0 
0 s c c m ) ^J®)H-:tf X tbX20 »lffl-^^*:tf C\ M 
ill 0am<Dr>F--7*i$^>ri'^>Ffll^?g«U/to C 
VD«:*Jl^-C«S«^e^8 0 0--8 5 O'C. 
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[0 09 1 ] fpfflmffii bT. iiKfiSS^^ 

fflO^r. ipilOam. S$2mm. MHZ /xnKDB F- 

0*. cc[>SS±«:jg^L^Co '^^tc«|llD< v>^d7a 
igCVD^«l\ ^5?>l'-5%. ^^0--2%. ty:^ 
(BzH.) 0. l-'E 0 p pm^7k^*5^0/c4>CD 

(:±flss 1 0 0 s c c m) ^mutf:^ t vtc. ^jmm 
«1 0B#rar^o/c. 

[0 09 2] ^Xt^-C. *h6l«fii<bL''r. hUve/-^ 
(IB) ffi«mscr)@^<k 

5 0*C-'9 o'cn o^p^«j#b, ^^^r-^-tvF^ 

[0 09 3] CCD«^*PH70 1 O^^Jl'^ 

;l/r;l/7^t: F. 0. 1M«M>'^*->':7t-^^^0CML/. ^ 

2 B$ra^ bXf)^^^^yyr -^mx^^Ofc. 20 
[0 09 4] i/;U:3-X:^-^->a^— tf€:H5£{k^€>fc8«) 

-*S?S-eiR^^i5fc?^U, mfmmvy* F us^:^ FK* 

(ic) mmmosm 

pH 7(7)0. lMfi^^>'^'-^:7T-?§«<^:*^*^tfMr^> 

(ID) -^yv^omm 

To 

[009 5] ccr«. <^fflms-*ff^sss 

5 0 m g ^ 6 0 0 m & /'JyYP'X^^^f&^t 

mim^it(>cy'viv Fsn/co 

(IE) ytmmonm 

^y^i^7myyy'^msiLx. i d tmuowi^^^n 
-otc^ C(3[)JS«%Si 8k:*5Cir. fflJSBCCTSTo tJ^^^ 

n - >^iSfi[ 5 0 m €r ^ 6 0 0 m g /V^s'VA'-CS^ 

fiItt2--3 nA^XOfc. 

(IF) SiLA:-t2>1^(?)#1i 

±ffil BJaT©K«:>'5X-7S2ia 50 
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( 1 G) ^wmon^ 

mi 9tci3:'fe>1f^C^ft^^r3-7"-r V^U/cia-^ (ft 
ISA) (ftSSB) ^iSL//Co 

-7^-/>e^L/cii^ (ftlKA) «1 OOOlHlcOlgDilL 

^orjii^m^ (fi^B) (c«jKj5 ooMvmmmfy^mi 
umMomkti 0 um. s$«3ooum. mmrs<DT 

^F-:?"- ^-^-^^^FKOfi^l 0 umibv Cti* 

5 0*. siKiJcM^u^-ii/co {ik^(oijm^m\.^x. r 

>|c_:/. ^-f i'^V Fli^M«:®-J^^^>^^=3-:^:t=^^>^ 
[0 0 9 6] Hffi^ 1 CDXg 1 D il^filOC. 

[^t?il3] F^>i^;^^s-i2>if 

53RK.Nishiniura et al . .Advances in New Diamond Sci 
ence and Technology, edited by S.SaitD et a1 (MAJ.T 
okyo 1994)p.725«:ifiSg$n/c«>or)iPI1lliC. ^^a^y 

-f'i'^v FS=E±Ccy->^ • FU-/>^rai©Bt 1 0 M 
m. FifiS 0 0 mnCDMi SMFET^2lg^. M 

[0097] c <D— i oxg i b 

[009 8] SrJSffllR^Raf#fiaffl*^SV-:^ • F 
U-O'^Sr^JC 1 0 /xAm^fej&^^n^it^K:. CCD2S 

^^oc^xv-;'^- Fu>f>rasiBZ)M«rtti:t^mffiiT 

[009 9] 

[OlOOliSfc. F^VX-^^-lfSCfJliZZlHlK^^ 
^f$3^^+-^r>F)^^fflt^rf^S!t-^C<bCcJ:f), {t^ 

[0101] Mtc. ^^m%. «:*5ii-fe>l^. i^iii-fev 
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F -fe >1f ^n^T^fMS'T?* ^ o 

[02] :^mm(msk9iK%^-7^t;nr\y^m.¥^'^ 

[133] *»WCC^«tc«^v-<^nTU-<S[^-^'t' 
[04] :*^CDIISfefi1(c«^'Sv-<^nr u>fM^^i=' lo 
[05] *^cDim«?)^^^vYi5'nri^-^S^-f'^ 

[06] *^?§(3!:^«^c«-5 h^^e;?;^^^^^-^"^^ 

> K'fe>1?-*7i^-rBfM0'C^^,o 

[07] ^^(Dmm^%hv^:yt^:^'^m,^^^'^ 
[08] :^nm<Dmm\^%hv^i^v::^^m^A^'^ 

[09] 2|s:^c!>^fl?f«:»^ h^>5^;^^S^^ir* 20 
[010] *^0jCDie»Wfc#^1f-5X^M^-f1'-=t 

[011] :*:^B^O^«(c^^1f-5::^^Md^-Y-l"^r 

> FH2>1f ^7jKr»r®0tr*^. 

[012] *:«?B<Dll*«K:»67^-^M»«Sa^-<'t'* 

> ^^*r»rM0r*^, 

[0 1 3 ] 150 < -ea)«ffiffiK*^TTffi0t:*^. 
[0 1 4 ] < -e(o«siai^7n-r¥ffi0'c*^. 
[015] :^mmmsm^%^%^:y^m,^^^'^> 30 
K42>it^^'r»fffi0r*s. 

[016] ^:«?a<D^ffl^c«^.*^>t^S^-^ 

[017] 3fef*McD««fe^^-r«s®r*^. 

[018] 3^>r:t- FM-fe>1?-<Oilttt*^T^'^70r 
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: [019] ^^mon^^m'T^'yyWC^^. 
[02 0] V^^^V:^^mMi^-^(0^:h%K^m'ir^^ 
:70Trab-5. 

[02 1 ] mmmmmwt^^^^:yYJ^^^^:y 

[02 2] fit*©F^>i^-;^^S-fe>1^^^T0"C* 

[02 3 ] Se^CD^^:^-- FS-fe>1^^^T^r^^o 
[02 4] fi£3R<DV-<d7nTU-^M-fe>if^^*r0-C* 

[02 5] fi^*<DI SFET*flefflL/yfci^;U=i-;^-fe> 

[02 6] ee*<Di?— 5x^M"fe>i^^^)x-r0'c*)^o 

[02 7 ] Se*<Dfc:-tSf|^«®/<-f:f-H2>1f-=&^'r0T^ 
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